Abstract. With the development of electronic science and technology, people have entered the information society, a variety of portable electronic products enter people's lives. A large number of miniature human implantable medical devices applied to clinical fields. The traditional human implantable medical device power supply is implanted battery, its biggest drawback is the treatment problem after the battery power consumption. Whether it is taken to replace the new battery, or deep into the body, there is a huge risk. Therefore, the portable external wireless charging, it becomes the best choice for human implantable medical devices.
Introduction
In recent years, the rapid development of resonant coupled radio transmission technology. In the energy transfer system, the transmitting coil and the receiving coil are self resonant coils with the same resonant frequency, and they are the key parts of the system. For a coil, in the design must meet to ensure self resonant frequency accuracy, as far as possible to improve the coil's quality factor and other requirements. In its design stage, it can accurately simulate and calculate for its characteristics (resonant frequency, quality factor, etc). In the course of the study there are many kinds of coil structure can be selected, which is based on the PCB flat coil due to high precision, high stability, easy to manufacture, and so on. Especially suitable for the human body implantable medical devices, such as a variety of small power occasions. PCB coil has its own electrical parameters, line width, layer spacing, line center distance and so on. No matter which indicators occur change, will have an impact on the resonant frequency and quality factor. The resonant frequency of the system is related to the transmission efficiency. Resonant frequency of a resonant circuit is LC f
, the resonant frequency of the system changes, which affects the transmission efficiency of the whole system. Therefore, the study of the relationship between the PCB coil line width, layer spacing and the resonant frequency of the system for the study of energy transfer efficiency has very important significance.
[1], [2] introduces the S Wang and Wong C. Ho, they analyzed the inductance value of dual layer and multilayer PCB coil; [3] describes the relationship between inductance value and operating frequency of rectangular spiral inductor based on wire grid method; [4] introduced the straight conductor inductance's calculation formula, and propose a method of computing the rectangular spiral inductor; [5] introduced a K. Ram Rakh yani, who analyzed the multi-turn solenoidal coil inductance and other key electrical parameters, and the parameters are analyzed and verified. The influence for the efficiency of wireless energy transfer system is obtained. Above literature, only studied PCB inductance coil, and no studied the characteristic of resonance frequency. [6] introduced the distribution capacitance of planar spiral coil is changed with the change of frequency; [7] points out that there is a mutual restraint relationship between the system's frequency wavelength(λ), the transmission distance (D) and the coil radius(r). It is a matter of design wireless power transmission system that must be considered; [8] introduced when the resonance occurs, the resonance frequency of the helical antenna and the geometrical parameters' empirical formula; [9] introduced for the frequency splitting caused by the change of the transmission distance, ultimately lead to drastic changes in transmission efficiency, and proposed an automatic frequency tracking method; [10] , [11] use the mutual inductance circuit model, studied the causes of frequency splitting and the general rules. And the frequency tracking method is used to improve the transmission efficiency. Although the above literature has carried on the research and the analysis to the wireless energy transmission technology's characteristic of resonance frequency, but they are not based on the rectangular plane spiral PCB coil .It is found that the research on the relationship between the electrical parameters and the resonant frequency of the rectangular spiral coils is still very little. The equivalent circuit of the PCB board design model is shown in figure 1 .The resonance frequency(f) is related to the inductance(L) and capacitance(C).When inductance and capacitance changes, the resonant frequency will change. Between inductance and capacitance will produce mutual inductance. And with the change of the coil layer spacing, mutual inductance will change, also shows that when the inductance and capacitance change, so that the resonance frequency change.
The Equivalent Circuit Model of PCB Coil Design

Specific Design of PCB Rectangular Coil
HFSS (Frequency Structure Simulator High) is the world's first commercial 3D electromagnetic field simulation software, the industry recognized the three-dimensional electromagnetic field design and analysis of industrial standards. HFSS simulation with high precision and high reliability, fast simulation speed, user-friendly operation interface ,stable and mature adaptive meshing techniques, etc, making it the tool of choice for high-frequency design and industry standards, it has been widely used in many fields of aviation, aerospace, electronics, semiconductor, computer, communications and so on. In this paper, HFSS software is used to carry out simulation experiment.PCB coil design, as shown in figures 2 and 3.The plane spiral coil is a square structure, and the bottom layer is a coil bracket which is composed of FR4 material, and a spiral coil is attached to the surface of the medium plate, a total of 8 turns. PCB electrical coil design parameters with letters: w is width; s is center distance of adjacent coils; l is rectangular coil side; h_f is a layer spacing; n is the total number of turns of the coil; h_c is the thickness of the copper; h_f is the thickness of the substrate FR4. The dimensions shown in figure 4 . Its specific electrical parameter settings are shown in 
Result Analysis
After setting, the software will automatically be simulated. In this paper, the experimental results are based on a large number of simulation experiments. The simulation data shown in table 2.The data in this table indicates that hf is 0.1mm-1mm, the corresponding s is 5mil to 65mil, the value of each resonance frequency. Table 2 . Simulation data.
The final result will be in the form of a chart. In the ten groups of simulation experiments, we choose when hf is 0.2mm, the results obtained are analyzed, the simulation results shown in figure 5. As shown in the figure, X represents the value of the resonant frequency. Between 5mil and 65mil, a total of 13 times were analyzed. So there will be 13 peaks, the resonant frequency of each group simulation experiments are clearly displayed.
According to the measured data, can draw the figure 6, it shows that the relationship between the line width, layer spacing and resonant frequency. According to figure 6, the conclusion is: In the case of fixed layer spacing, with the increasing of the line width, the resonance frequency is gradually reduced; but the resonance frequency is reduced to a certain extent, it is not changed. For "reduced to a certain extent", further analysis. To set up a function:
is the difference between the first and last two resonant frequencies, this function represents the rate of change of the resonance frequency. By observing relationship diagram, taking the numerical point seemingly no change in the region on each curve, into the function, taking hf=0.2mm as an example. Through observation, when the line width is 40mil to 50mil, resonance frequency is almost constant. The numerical point between this: f=15.7MHz and f=15.46MHz. the calculation result is: 7 . 15 46 . 15 7 . 15  <1.5%.According to the above algorithm, for or the rest of nine curve, the same algorithm analysis. We can be found in the condition:
frequencies of the each curve is almost does not change. Which can determine this analysis can be applied to all situations. Meanwhile in the diagram can be found, after keeping the resonant frequency constant, in the 60mil-65mil there will be a little rising trend. In the layer spacing unchanged, this trend is one of the relationship between the line widths and the resonance frequency.
By longitudinal observation figure 6 , and for example, draw the relationship diagram: line width w=5mil and w=10mil. As shown in figure 7 and figure 8:
w(mil) Figure 7 . w=5mil, the relationship between the layer spacing and the resonant frequency. Observation of figure 7 and figure 8 , it can be concluded: when line width is fixed, with the growing layer spacing, the resonance frequency value is constantly increasing. But the difference between the two resonant frequency values is getting smaller and smaller. It shows that the growth trend is becoming more and more slow. Also in figure 6 , it can be seen in the increase of the resonant frequency at the same time. With the increase of the layer spacing distance value, the vertical spacing of each curve is shrinking. This shows that the resonant frequency of the growth is also more and more slow.
Summary
This paper mainly studies the PCB coil used in the human implantable wireless charging system. By using HFSS simulation software, using the method of observation and analysis, focus on the relationship between the PCB coil line width, layer spacing, and the resonant frequencies were analyzed and summarized. Finally, the conclusion is: in the case of fixed layer spacing, with the increasing of the width, the resonance frequency is gradually reduced; but the resonance frequency is reduced to a certain extent, it is not changed. When line width is fixed, with the growing layer spacing, the resonance frequency value is constantly increasing, the resonant frequency of the growth is also more and more slow. This understanding on the development of the human implantable wireless charging system of our future is very helpful.
